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FORXEWORD

This Final Tecbnical Report covers all work performed under
contract AF 33(657)-10252 from 15 January 1963 to 15 January 1967. The
manuscript was released by the author September 1967 for poblication as
an RTD Technical F.eport.

This contract with the Space-General Plant, Aerojet-General Cor-
poration, El Monte, California, was initiated under ASD (subsequently RTD)
Project Number 7-943b, entitled "Semi-Rigid or Non-Rigi ' Structures for Re-
entry Applicationa, " It was accomplished under the techr cal direction of
Mr. Thomas Campbell, MATF (now ASKMM), of the Manufacturing Technology
Division, Air Force Materials Laboratory, Wright-Patterbon Air Force Base,
Ohio.

Mr. J. F. Keville was the Program Manager for Space-General.
Others.who participated in the development, fabrication, and test work in this
project were:

A. F. Baca, Stress and Loads Analyst
M. K. Barsh, Materials Systema Specialist
C. J. Barton, Vehicle Design Engineer
C. R. Burnett, Materials Engineer
J. E. Crawford, Manager, Expandable Structures Department
G. -. Fredy Jr., Test Engineering Supervisor
W. A. Grant, Welding Engineering
J. G. Guidero, Project Staff Engineer
W. Flaalsky, Aerodynamicist
W. ,,. Haynes, Test Engineer
C. S. Horine, Semnor Engineer
J. C. Huisking, Manufacturing Engineer
J. D. McNerney, Aerodynainicist
J, V. Miller, Design Specialist
J. E. Misselhorn, Thermodynamicist
R. A. Morrison, Design Specialist
A. H. Olsen, Senior Engineer
R. B. Robinson, Materials and Processes Engineer
3. R. Schrink, Manufacturing Engineer
S. L. Tomkinson, Project Staff Engineer
F. Warren, Program Management Office
J. A. Wrede, Materials Scientist

In addition to these Space-General technical personnel, numerous other tech-
nicians and project support personnel, as well as subcontractor technical
-er 3onnel, participated significantly in the completion of this work.



i 1 FORE WORD (Continue d)

This project has been accomplished as a part of the Air ForceManufacturing Methods Program, the primary objective of which is to develop,on a timely basis, manufacturing processes, techniques and equipment for usein economical production of USAF materials and components.

Suggestions concerning additional manufacturing methods develop-ment required on this or other subjects will be appreciated.

This technical report has been reviewed and is approved.

C. H. NELSON, Assistant Chief
Manufacturing Technology Division
Air Force Materials Laboratory
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APIF1XDIX I

iIo

1.0 PRPOSE

This method is intended for use in determining the ablative char-

acteristics of Silicone rubber specimens.

2.0 DISCUSION

2.1 TNT SM14EN

Th specimen shall be cured silicone rubber, measuring 5" dia x

I I/4" thick.

2.2 TEST APPARATUS

For heating the specimens, an oxgen/acetylene torch using a Victor

No. 12 tip shall be used. A holding fixture shall be ised consisting of two
-asbestos plates. The top plate shall have a 5" dia hole in the center to ac-

commodate the rubber specimen and the bottom plate shall have a 1/2" dia hole
to accomodte a thermocouple wire to record the back side temperature of the

rubber rpecimen.

A calibrating plate shall be used to determine the flame tempera-

ture. This plate shall consist of a 2" x 2" x 1/8" stainless steel plate, with
a thermocouple embedded in a hole as close to the opposite surface as possible

without rpturing the op&site surface.
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The oxygen/acetylene torch uha3l be placed in a position to in-

pinge the flame on the centey of the steel calibrating plate. The distance the

torch is placed above the calibrating plate viii be a functin of the desired

test p rae.

The specimen to be aged viii be placed in the holding fixture

next to the steel calibration plate before calibrating begins.

After the desired teqerature as Uen obtained, the torch is

pivoted to impinge the flaw on the center of the rubber specimen maintaining

tbe distance determined during calibration. A contimioum recording of the back

side teperature of the specimen vil be recorded over the duration of the test.

2. 4 CAWJIATIONS

STst results will be zeported as follows:

a. Ablation rate

S A 2 inches per second

= original thickness, inches

= aged thickness, inches

At = time specimen subjected to flae, seconds

! -2



*b. 1s velht loss

1s pounds per second

W, = orlgimal ve~gt, lbs.

at= t1m spcizan subjected to fim, secods
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Requiremat No. 335-B2
16 W 1963

FABRIC RIiORWC T R3MU= T

I. OBJECTIV

A. High temperature resistant fabric suitable for impregnating and

coating with an elastomeric heat resistant and/or ablation raterial such as
silicone ubber.

B. High strength-to-weight ratio at room temperature and elevated
temperature.

C. High stress-rupt '- and fatigue strengths.

D. Good tear resistance and ductility.

E. High bending flexibility.

F. High crease resistance and bending recovery without significant
loss of strength.

G. Ease of forming to component contour.

H. Ability to make flexible seams or joints such as by brazing or spot
welding.

I. High reliability.

J. Currently available materials.

K. Economical cost.

II. APPLICATION

A. inflatable paraglider to re-enter earth atmosphere from space at

hypersonic velocity. Overall tentative dimensions o- the paraglider are
shown in attached sketch no. 335-SK 1. The pvaraglidei consists of three
tapered inflatable booms approximately 1T feet long x .1 inch OD x 16 inch OD.
These three booms are joined to a common vertex by a 56.6 inch outer radius
toroidal section. Fastened betweeit the center keel boom and the outer
leading edge booms is a flexible wing membrane.

B. The purpose of the metal (or glass) fabric is to retain the
geometrical shape of the vehicle in the inflated sections and reinforce the
wing membrane. Two methods of manufacture are contemplated: (a) the fabric
is coated by spreading, dipping, or calendering of the silicone as a flat
material and then applied to the tooling form where the joints 're vulcanized
or similarly fastened, (b) the bare fabric is applied to the tocing form and
brazed, spot-welded, or similarly fastened at the joints after w, ch it is
coated with the silicone material.

' T-



BeqArement No. 335-4

C. The thickness of silicone rubber on the wire or glass cloth .may
range from 0.010 inches to 0.15 incb6s depending on heat resistant and
ablative properties.

III. MATIFOWT5

A. Vehicle shall be flexible in original condition permitting packag-
ing like life raft or parachute.

B. Total storage time folded and packaged in space vehicle or capsule
at nominal earth atmosphere (composition and pressure)and room temperatures,
ranges from few days to one year. The silicone matrix is assumed semi-
perweable to the atmosphere (consider oxidation, etc.).

C. Vehicle exposed to outer space environment (principal consideration -

high vacuum) after release from space station and deployment to inflated
condition. Time in space vacuum approximately 30 minutes before re-entering
sensible earth atmosphere.

D. Time from re-entering sensible atmosphere at spproximately
400,000 feet altitude to landing on the ground is approximately 30 minutes
during whigh time high re-entry heating occurs for approximately 15 minutes
above 1000 F. Maximum structural tempegature at any point including certain
Joint areas is assumed to be about 1000 F.

E. The inflatable sections are pressurized to approximately 11 psi
above the external ambient pressure prior to entering the atmosphere and
during the remaining flight to landing.

F. The maximum actual hoop load in a boom is 176 pounds per inch in
tension (constant).

G. Under critical aerodynamic loading. the actual longitudinal load in
a boom varies from a maximum of 159 pounds per inch to a minimum of 7 pounds
per inch in tension.

H. Tension loads in the apex are substantially higher than above. Final
design will use multiple plies in this area (see item K below).

I. The maximum actual shear load in a bocm is 15.4 pounds per inch
due to beam bending.

J. The maximum actual shear load in the apex is 33 pounds per inch
due to torsion and some beam bending.

K. The above loads may be carried by one or two (or possibly more)
plies of reinforcing cloth depending on the effect on ease of fabrication
or degree of flexibility. Minimum number of plies is desirable. Best design
may be two ply with senond ply in bias direction. 1
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Ecquirement No. 335-4

L. Wing membrane load is a maximum of 2 pounds per inch in tension

due to aerodynamic pressure.

M. The fabric shall not exceed 50% of its ultimate corisgonding 0

strength when exposed to the above loads at temperatures from 70 to 1000 F.

N. Stability and integrity (incLuding strength to withstand maximum
loads) of fabric must be retained during and after re-entry he&ting.
(Sufficient retained flexibility is required to withstand dynamic airloads,
maneuver loads, and landing loads.)

0. Quantities required.

1. Experimental: 3 square feet minimum

2. Pilot test: approximately 30 square feet

3. Full scale components construction: 600 to 2000 square feet

IV. TECHNICAL INFORMATION REQUIRED

A. Product or products recomended with full details of materials,
sizes, thickness, weaves, etc.

B. Fabrication detailq (method of fabricating each: filaments, strands,
clt, etc). If another sou,e is to be utilized for materials such as

filaments or special coatings, stranding, or other; please supply details.

C. Mloth physical data: - all prope~ties should be expressed as
function of temperature from -4ovF to 1200 F (or higher) and after re-cooling
to room temperature. Details of methods of testing are required. Indicate
whether data are average values or guaranteed minimums, number of specimens
tested, scatter, and reproducibility of data. Include references if not

tested by firm responding to this inquiry.

1. Tensile strength: ultimate, yield (if applicable), ,stress
rupture, and tensile fatigue.

a. Warp direction

b. Fill direction

c. 2:1 biaxial loading

d. 1:1 biaxial loading

2. Deformations for the conditions of item 1.

a. Strain it direction of and transverse to load vs applied load

b. Ductility (% elongation at failure)

c. Creep (short time) at temperature

11-3
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Requirement No. 335-

3. In-plane shear strergth and shear rigidity.

4. Tear strength.

5. Minimum bend radius

a. For zero permanent set

b. For no fracture

6. Bending flexibility.

7. Bending fatigue strength (wrinkle and fold endurance).

8. Loss of strength due to bending and sharp crease folding.

9. Weight per unit area.

10. Thickness

11. Percent cloth volume which is void (to be filled by coating
material)

12. Since coated properties may vary from uncoated properties, above
properties of fabric with silicone (or similar) elastomer coatings
are also desired wherever available.

D. Oxidation resistance.

E. Effect of exposure to space environment.

F. Formability to contours (cylinders, cones, toroids, spheres, etc.)

G. Compatibility with silicone elastomers for adhesion. Possible
surface preparation required.

H. Recommended method of making joints (brazing, spot welding, bonding,
sewing, etc.) together with any supporting data on strength of joints or
similar information.

I. Quality assurance techniques to be employed.

J. Provide additiona± information or recommendations based on supplier
research and application experience.

V. ADDITIONAL INFOHAATION REQUIRED

A. Capabilities

lo Provide technical discussion or company brochure covering
products, capabilities, related applications, fabricating techniques, etc.
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Iequiremnt No. 335-12

Including supporting deta. Furnish information on facilities and personnel
for conducting development and production work,

2. Provide similar information including addresses on subcontractors

and sources of supply to be utilized or reco mended.

B. Prices for recommended and alternate fabrics.

1. Standard supplier quantity breakdown.

2. Quantities shown in item 111-0.

C. Availability

1. Lead time for currently available recommended products in
quantities specified.

2. Expected development effort required for improved products
to meet specified requirements.
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LC- 1249
Aug. 24, 1964

B.F.GOODRICH COMPANY

AKRON, OHIO

I. OBJECT:

1. Determine the resistance welding method for the fabrication of
assemblies constructed of ultra-fine nickel-chromium wire nuash.'

2. Make comparable overlapping weld tests using pulsating A.C. current,
pulse (spike) current, and condenser discharge current.

3. Prepare tensile test specimens and determine joint efficiency.

4. Determine whether &'table series welds can be made without burning
the fabric between the conductors.

5. Determine whether or not aluminum can be used as a back-up current
conductor for series weldixi,

6. Determine joint efficiency obtainable for a double row of over-

lapping spot wld at minimum allowable row spacing.

7. Weld 3, 4 and 5 pliea.

SIi. MACHINES USED:

SPO-0-58-2-3-220 #8134
2,300 me"imum short cir,uit secondary amps

PMMOC-50-36-440 #6937
8,000 maximum short ci--uit secondary amps

111. MATERIAL USED:

1.0 il. ultra-fine nickel-chromium wLce mesh two by two basket weave
(58 x 58). See Figure 1.

Fabric Tensile Properties at 70°F

(Infornation supplid by B.F.Goodrich Co.)

Rupture Tensile
Yield Load Yield Load Rupture Modulus

Test Elongation (M) (lbs/inch) Eionga.ion (%) (lbs'in.)
No. Warp Fill L Fil _ jr Fill WL Fill ltrk Fill

1 340 368 9.2 1.8 375 407 16.0 10.0 7,870 23,720
2 357 362 8.7 1.9 397 405 15.6 9.4 8,980 25,700
3 353 367 8.3 1.9 387 413 15.1 7.4 7,810 23,670
4 357 354 8.7 2.2 382 402 15.3 7.7 7,660 22,870
5 353 - 9.3 - 397 - 15.9 - 7,950 -

AVE. 352 363 8.8 1.95 388 407 15.6 e.6 8,054 23,99-

i Li



LC- 1249

Aug. 24, 1964

B. F.GOODIICH CO.WANY

WV. MACHINE SETTIMS

See BFG'j Draving No. I1A1660, Sh.ta I thmIgh So att&chsd.

V. PROCEDURE:

Mi~ 1/" Cetrance

V! e p +L~

Aluinu Bak-Up Plate

R Cres(Typ) xa Wald

1- , ?44 C1-. ECTROEM5

-1 MC. OF NW INW3Wf
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LC- 1249
Aug. 24, 1964

B.F.GOODRICH COMPANY
AKRON, OHIO

Material was degreased by the following cleaning procedure:

1. Acetone dip
2. Distilled wtter
3. 10% Concentration of HCI (10-60 seconds)
4. Distilled water
5. Acetone dip
6. Dry (6-360 seconds)

NOTE: Parts were cleaned by B.F.Goodrich Cc. prior to welding.

VI RESULTS:

Pulsating A.C. current, pulse (spike) current, and condenber discharge
current types of resistance welding were attempted. No appreciable
difference was noted. Since the production application called for
overlapping spots or seam welding, the remainder of the work was
accomplished on our Sciaky P?)C-50-36-440 seam welder.

Joint efficiency of 80% (weld setting 3-27) on two ply single row and
85% (weld setting 4-35) on two ply double row welds was achieved.

Double row series we'lds were attempted to determine row spacing and
type of back-up. Overlap spot welds spaced a minimum of 1/4" apart
on copper back-ups produced seams with a Joint efficiency of 62%
(two ply only).

Joint eff.. cer,y on 3, 4, and 5 ply mesh is shown below:

Specimen # No. c Pa Row Load Joint Efficiency Remarks

7-43 3 Single 268 67% Clean break at weld
line

10-60 3 Double 320 80% Clean break at weld
line

5-41 4 Single 220 55% Clean break at weld
line

10-61 4 Double 260 65% Clean break at weld
line

5-42 5 Single 180 45% Wires burned

5 Double - Not attempted

V1I. CONCLUSION:

Welds with a joint efficiency of 85% on two ply end 80% on 3 and 4 ply wire
mesh were achieved. Four and 5 ply welds are not recommended for high-strength
joints. Double row direct welding is preferred over double row series welding.

Prepared by: and

Alex Chiaro Paul Yankali

An1 ,.,e vpc
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Project FIRST

Comparison of Tensile Strengths of 2, 3, 4, and 5 Layer
Welds in Nickel-Chromium Fabrics with the Tensile Strength of

the Unwelded Parent Fabric

1.0 GENERAL

Tensile ntrengths of 2, 3, 4 and 5 layer resistance lap welded

Karma fabrics were compared with the tensile strength of unwelded fabric. The

test coupons were one inch wide with 58 yarns and gage length of two inches.

The welding machine was tested at its lowest operating speed, 2.0 inches of

weld per minute, and at its highest operating speed, 8.4 inches of weld per

mfnute.

The variation in welding procedure and the number of test sampleskt
that were tested were as follows:

a. 25 coupons of each of the 2, 3, 4 and 5 layer material using

the lower arm of the welding machine and set at low speed.

b. 6 coupons of each of the 2, 3, 4 layer material using the

center arm of the welding machine and set at low speed.

c. 6 coupons of each of the 2, 3, 4 layer material using the

3 . lower arm of the weldin'g machine and set at high speed.

d. 6 coupons of each of the 2, 3, 4 layer material using the

_M ............ at 1,"Igh speed.

The average of all coupons (154 total) was 83.3% joint efficiency
at 90% confidence, or 85.0% efficiency by arithmetic man.

The 2 and 3 layer resistance lap material coupons which were
welded using the lower arm and low speed of the welding machine, were from

Roll #7 and were compared with 8 coupons of the parent material from Roll #7

material. The remainder of the welded coupons were from Roll #1 and were

compareO2 with 12 coupons of the parent material from Roll #1 material.

Ii
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2.0 ANALYSIS

2.1 By means of the "t" test, as outlined in paragraph 3.0, it was deter-
mined that there is over 99.95% confidence that the average tensile strength of
the welded material exceeds 70 of the average tensile strength of the parent
material.

2.2 As indicated in Tables I, II, III and IV, at 90% confidence, the
average tensile strength for welded material is 78 to89% of the average tensile
strength of the parent material.

TABLE I

Material Welded Using Lower Arm and Low Speed

Avg. Avg. % of Avg. Lower 90% Confi-
Parent Welded Welded to dence Limit of % of the Lower

No. of Mat'l. Mat'l. Avg. Parent Avg. Welded Limit Avg. to
Layers (lb/in) (lb/in) Lat'. Strength (lb/in) Parent Mat'l.

2 347.74 290.o4 83.5 280.73 80.7
3 347.4 291.48 83.6 281.89 81.1
4 334.67 290. 86.7 284.16 84.8
5 334.67 302.96 90.5 299.52 89.4

TABLE II

Material Welded Using Center Arm and Low Speed

Avg. Avg. % of Avg. Lower 90% Confi-
Parent Welded Welded to dence Limit of % of the Lower

V.... Ma t1. Avg. Parent A. Wulded Limit Avg. to

Layers (lb/in) (lb/$n) at'l. Strength (lb/in) Parent Mat'l.

2 334 289°33 86.5 283.5 84.6
3 334 284.l7 85.2 276.3 82.5
4 354 270.67 81.0 264.7 79.0

TABLE IIl

Material Welded Using Lower Arm and High Speed

Avg. Avg. % of Avg. Lower 90% Confi-
Parent Welded Welded to dence Limit of % of the Lower

No. of at'li. Mst'l. Avg. Parent Avg. Welded Limit Avg. to
Layers (lb/in) (lb/in) Mat'l. Strength (lb/in) Parent Mat'l.

2 3.34 282.50 84.6 277.9 83.
3 334 274.5 82.2 272.4 81.5
4 314 279.3 83.6 277.0 83.o

IY'-2
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TABLE IV

Material Welded Using Center Arm and High Speed

Avg. Avg. % of Avg. Lower 90% Confi-
Parent Welded Welded to dence Limit of % of the Lower

No. of Mat'l. Mat'l. Avg. Parent Avg. Welded Limit Avg. to
Layers (lb/tn) (lb/in) Mat'l. Strength (lb/tn) Parent Mat'l

2 334 279.00 83.5 275.0 82.3
3 334 274.67 82.2 271.7 81.2

4 334 264.16 79.1 261.8 78.0
2.3 To further demonstrate the meager reduction in tensile strength follow-

ing the welding procedure, a comparison was made of the weakest welded coupons in
Ieach of the four categories listed above and the strongest of the corresponding

parent material. This worst observed case is summarized in Table V.

TARLE V

Weakest Coupon Strongest Parent Percentage of
Welding Welding Tensile Strength Mat'l. Tensile Strength Weakest to
Arm Speed (lb/in) (lb/in, Strongest (%)

Lower Low 260 364* 71.4
Lower Low 270 341 79.2
Center Low 259 341 75.9
Lower High 270 341 79.2
Center High 260 341 79.3

This parent material is from Roll #7 material strip (the remainder of the
coupons are taken from Roll #1).

3.0 METHOD OF ANALYSIS FOR "t" TEST

The value of "t" is calculated by the following formula:

t where

Sp N+ N2

Xl is the arithmetic average of one set of data

Y2 is the arithmetic average of the other set of data
N2 is the numer of he otermse fd

N2 is the number of samples used to determine X2N2  is the number of samples used to determine X, -j

IV- ",



2 22

and S

and t is tabulated in any statistics textbook for various confidence levels
and degrees of freedom where the degrees of freedom - , + N2 - 2.

For the present case is considered the unknown average for which
we wish to be 90% confident that4 X exceeds it. So in the tables we find t -

1.31 for N1 = 25, 32 a 8 (the numbef of samples in the parent population for the
twoand three layercase) or N, + - 2=31. Similarl, t = 1.3o for k 25,

12 (the number of samples In tie parent population for the four and fivelyr case) or Nj + N - 2 - 35. in those cases where N, 6 and N 12,

t .34, (since +2N - 2 - 16). 2

Prepared by Space-Ceneral Corporation Reliability Department.
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STATISTICAL ANALYSIS OF WELD STRENGTH WITH 0.050" UPPER ELECTRODES

Parent fabric strength is 316 lb/in.

.85 (316) = 268.6

Average of 29 valid coupon tests is 283.6 lb/in.

X = 8225

= 283.6

1 (X2 ) = 2,336,629

X)2 = 2,332,780
29

= 3,849

S2  389 =- 137.5
29-1

s 2  = - 4.74
. 29

s - 2.18

Set t 28.6 - 268.6 D 6.90
2.8 =2.18 =

There is more than 99.95% confidence that the average tensile

strength (warp) of a two layer weld exceeds 85% of the average tensile strength

of parent fabric.

B. DETERME TENSILE STRENGTH AT 904 CONFI1ENCE LEVEL

Set t = 1.311 =28.6 - x'2.18 '

X = 283.6 -2.85 = 280.8

280.83 = 0.8885

Therefore, there is 90% corfidence that the average tensile strength
(warp) of a two layer weld exceeds 88.85% of the average tensile strength of

parent fabric.
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Appendix VI

EST MODEL SIMILARITY STUDY

STRUCTURAL SIMILARITY LAWS

Structural modeling for static and dynamic loads is a common
practice for evaluating the strength and vibration characteristics of com-
plex structures. The basic parameters scaled for model analysis are
strength (material thickness, buckling coefficients, etc. ), flexibility
(modulus, area moment of inertia, etc.), and dynamic response (mass,
weight distribution, stiffness, etc.).

An inflatable structure has unique features affecting acaling.
The flexibJ.e fabric has non-linear load-deflection characteristics, and
these characteristics usually vary with changes in thickness. Also, the
load-deflection characteristics of the pressurized structure are a function
of the magnitude of the internal pressure, the geometry of the structure
and the cloth orientation.

In scaling tho thickness of the fabric, the non-homogeneous
orthotropic (or anisotropic) properties of the material must be considered.
Scaling of a single cloth parameter such as strength or thickness will cause
changes in other properties such as stiffness or directional behavior. These
resulting changes may vary from being proportional to the original param-
eter change, to being erratic, or to being inversely proportional. The de-
velopment problems associated with obtaining proportional changes in all
fabric properties may be avoided by maintaining the fabric invariant during
scaling.

Thermodynamic considerations such as heat transfer, thermal
stresses, and changes in material properties comprise another set of condi-
tions which may be scaled for similitude under a varying temperature opera-
tional environment. However, these factors are difficult to simulate in a
laboratory and an approximation of worst conditions will usually suffice for
structural evaluation. Peak operational temperature and distribution along
the vehicio surface is held constant while thermal shock conditions are allowed
to vary somewhat.

The scaling ratios for an inflatable paraglider are basically the
same as for any pressure-stabilized thin shell of revolution. However, in the
following derivations of the similitude relationships, the'wall thickness (t)
is an equivalent value based on fiber diameter, fiber orientation, and fiber
effectiveness of the cloth. The equivalent thickness and modulus (E) are vari-
able functions dependent on loading conditions (magnitude, direction, and bi-
axial condition). Similarly, tht. stress (Wr) and area moment of inertia (I),
which ar'e a function of wall thickness, are also equivalent values.
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STRESS SIMILARITY*

The stress state at any point in the actual structure will generally
consist of a superposition of pressure stresses, e. g., "hoop stress, " and
bending and shear stresses resulting from applied loads. The maximum
stresses, on which the dsign is based, wiil then consist of these two sets

of stresses in some proportion which varies from point to point over the
structure. To simulate the true distribution of stresses in a subscale test,
the parameters must be such that all components of &tress in the model act
in tho same proportions as those in the prototype. The pressure stress, a ,
in a thin-walled infie structure can be expressed by the proportionality

prI
Irp t

where p is the inflation pressure, r I is some radius of curvature and t is the

wall thickness (e. g., for a cylinder the hoop stress is pr/t and the axial ztress
is pr/2t; for a sphere hoop stress ij pr/2t). Similarly, the bending stress,

abI can be expressed by the proportionality

Mr
2

where M is the bending moment, r2 is tome. distance from the neutral axis and
I is the area moment of inertia of the cross section. The bending moment, in
general, will result from some distribution of loading and can be expressed in
terms of the force per unit length, f(x), by the integral

M = s f(x) dx, (3)

which may be written in terms of the nondimensional length coordinate
SX/ A according to

M = gf(g) dg. (4)

By introducing the nondimensional force distribution parameter D) defined as
the ratio of the force per unit length at C to the value f at some value C ,
normalized to have the value of unity at go, the inlegral of Eq. (4) %ay be
written

*Prepared by Aerospace Research Associates, West Covina, California.
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Eqs. (10) and (11) are thus the similarity conditions for invar.i-nce of the
biaxial stress states from pressure and from bending and for cozlancy of
stress. If the same thickness of faoric is used in the subscale tests, then
Eqs. (10) and (II) reduce to

Yr t proo , 

Pprototype model model

It can be similArly shown that Eqs. (10) and (11) or Eq. (IZ) will satisfy the
condition of invariance of the ratio of shear stress to pressure stress or
shear stress to bending stress. The shear stress, o-r, may be expressed
by the proportionality

T - a(13)

where the shear force Q is given by

o o 0  )d, (14)

analogous to Eq. (5) for the bending moment. The shear stress then becomes

S1 I() d( C (15)

and the ratio of the shear stress to the pressure stress, from geometric sim-
ilarity, with the definition of f%, may be written

_~ ~a(~d C (16)

p p

With the condition that the force distribution remains invariant, the condition
that the stress ratio, Eq. (16), remains invariant gives the similarity law,
Eq. (9), which is precisely the condition arrived at from a consideration of
the invariance of the ratio of bending stress to pressure stress. There is
one final condition which must be satisfied if the subacale tests are to simulate
the true strength characteristics of the prototype. This condition requires
the invariance of the ratio of the maximum stress to the stress at the point of
incipient - .kling. The conditior must be satisfied to insure that the subscale
test component does not buckle before the rupture stress is attained, ior ex-
ample, if such a condition would exist with the prototype. The state of incipient
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buckling occurs when the bending stress in a particul-ar direction of the
membrane is just equal and opposite the pressure stress. Since this
condition involves the ratio of the bending stress to the pressure stress,
which was assumed invariant in deriving the similarity laws, the condition
is automatically satisfied in the scaling laws derived above.

DEFLECTION IMILARITY

The differential equation for transverse deilections of a beam
having an area moment of inertia I(x) and Young's modulue E is

"(K) = x (7
M"37)

By Introdixing, as before, the nondimensional length parameter C, the
deflection equation may be written

-rI (gj(18)

whir.h, using Eq. (5) for the moment M(l), becomes

eFF f 9 Io fg)d (19)

The moment of inertia may be expressed in terms of the moment of inertia 1
at some value C , multiplied by the function f (C), which is the ratio of the
moment of inertia at C to the value at C normalized to have the. value of

I unity at g^. Introducing a nondimensional deflection parameter, 7(g), d4-
fined as tRe ratio of the deflection w(g) to some dimension £, the deflection
equation, Eq. (19), becomes

where * is a nondimensional parameter defined by

11F (Z21)

* If the force distribution 0(g) remai. invariant and geometric similarity is
maintained, then t (g) will be invar2ant and the similarity law for deflection
becomes
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Since Io is proportional to A t, the simiarity law may be written

If the model is constructed of the same material as the prototype with the same
wall thickness, the similarity law reduced to

Fmode! modolF- (24)

rprototype £prototype

which states that deflections will vary directly as the size of the model*, pro-
vided the applied loads are scaled accordingly.

VIBRATION SIMILARITY

The equation of motion for transverse vibrations of a beam is

IEI(x)wi"(x, t)] " + mW(x) x, t) = 0, (25)

where m(x) is the mass per unit length at position x. The prime denotes dif-
ferentiation with respect to x and the dot denotes differentiation with re-
spect to t. For sinusoidal motion,

w(x, t) = W(x) sin gt, (z6)

which gives, for the equation of motion,

[EI(x) W"(x)I - 2 m(x) W(x) 0. (27)

The quantities m(x) and I(x) may be expressed in terms of nondimeai.ional
parameters according to

m(x) = mo (x)

W(x) w o t(x) (28)

I(x) = 0 S(x) 

*Similarly, shear deflections, if significant, may be shown to vary directly.
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I
where the nondimensionaf quantities (x), $x) and t(x) are distributions of
mass, deflection and roment of inertia normalized to have the value of unity
at x r, 0. In terms of these paroxneters Eq. (27) becomes

[EIo S 1x) 41 '(x)m o(x) 0) = 0. (29)

By introducing, as before, the dimensionless length variable , Eq. (29) be-
comes

ft ()( ) _ 0, (30)

where f) is a nondimensional frequency parameter defined by

4 2

fL2X, 
(31)

0

and the primes now denote differentiation with respect to g. Eq. (30) is the
differential equation for transverse vibrations of a beam expressed entirely
in temns of nondimensional parameters. Solution of this equation will yield
the mode shapes ) in terms of the nondimen sional frequency parameter fl.
Hence, any model with the correct distributions of mass, I () and the moment
of inertia, € (g), will yield the same mode shapes as the prototype, but the
natural frequencies will differ, in general, from those of the prototype accord-
ing to the magnitudes of the physical parameters in the nondimensional frequency
parameter fl. For example, a geometric ally similar model of an inflatable
structure will have natural frequeaicies compared with those of the prototype
according to

2 model -(....) mo4  (32)
Sprototype o model prototype

The moment of inertia is proportional to r3 t and the mass per unit length is
proportional to prt, where p is the mass density of the material and r is
some average radius. With the condition of geometric similarity, the fre-
quency ratio becomes

W model E33

prototype model prototype

which, for a model constructed of the same material as the prototype, reduces
to
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'Mmodel r
.sfE° 2 Z L (34)

prototype r model

Hence, for the scalig described above, the mod shapes of the model will be
the same as those of the prototype. whereas the frequencies will vary in-
versely as the site of the structure.

VI-8



Appendix V1I

PRELIMINARY CYLINDER TEST RESULTS



3D.335.7.5

____SPAI.IUIUAL 111INATIISU.M
eae sa.? JAa VS a ovus. eae'P0auea os.,

ENGINEERING TEST SUMMARY35

fr. 14. Elmer, 5-r~
. Tao o woew so

C. B. Linacks T~t 1mn
A. H. OlsonZ;J23 g73=Hf. Wright11" OF"W 1mloe
ILD File Dfeton ItQ6

2be object of this test ws to determine the chaimteristice of meftal
cloth cylinder Ame subjected to internal preasures and externally applied
loads at room tomperature.

* 1L One (1) T" diater teuuil bolting cloth cYlii-A.r 335513-5, S/N 1
2. One (1) latex rubber liner

611006~ OF WiCto"ae

Burst and delivered to Project.

1. loading fixture No- 335103& made up fbr applyng loads to Project
First mtal cloth cylinders.

2. One inch displacement .001 dial indicators.

3. tercury sanmter calibrated In 1/10 psi.

s~w*Neum



TWT amV

Test was set-up ta apply shear, bending, and torsional loads
with various Internal presur to the T" dIameter metal cloth cylinder.

1. Pkeliminary shear, tormiotn, and bending tests vwi run according
to the test --qu--mb for the 7' d&ameter cylinder. Romag data of theme
tests are presented as an appendix of this report.*

2. aisar, Nrding, and torsional loads ware then applied as requested
In Rlevision A of the T' diameter Cylinder Test Requirsmont. Prior to this
test the seem of the specimn were re-vwelded to insur apiust a weld
failure, and to fix a small seyaration of the wold which occurred during
the preliminary tet.. Displmemt and rot'ationsl curves "- shown in Figure 1

through 9 are called out an noted in Test Requireswat Revision A. Be* Figuxes

10 amd 11 for Instrumentation and load application locations.

3. Pressure was then Incrased with no external lo~da applied unitil

burst occurred. Dimter versus pressure Increase isashown on Table 1.

To Insure apinst prmmture failure of the sen, a strip of fiberglass

tape was wrappied ar'ound the cylinder in an are where the seam had atwtrtls1

to tear out at the weld points. No further weld failures occurred.

coNcwSIoNS

I.. The cylinder burst at an Internal pressure of 16.5 psig.

2. Do@e to leak In the Internal rubber bladder, pressures at which

the tests were run could have been as much as 5% lower than Indicated.

*Available in Space-General project files - not included iti this report.
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DUAit4ff Vewipm Ifterma pmttnm

Prmz.m (MA, iaeor(p)bx

2.0 7T.049
4I.0 T.055
6.o 7.061
7.0 7.063
8.o T.065
9.0 7.o65

VI--



:41 U
+ If0

(*sn) a0

VH-0



r4

r-4

T:

............

r-I

7'

INttt

..... ... ....
--.4 44

............
+ 41

miff r
......... ...

0

IM
-t r It

R, Tit + m
il tj Ott 4

IR 79 C2 2 1 'IrO4 or-I CIO

(-wi) savou

VLT-



............ ...

mm

TT

T!

Sq
:2 1 1

... .... ........ ......
1, 2 ! 1 0

. ...... 7 2 10

0

lilt MET
_ v 0

J'P
4 4. 4

I 44H IT, i I + 1: tti

4TZ! T T: #?I :n: r T"M
tf '. "'

:14 s I I

+444
TITI it4, -TIR

ff: fm -mo
TT4 +1

u W, _J +4T:"+*
fit TtTo

v M
L1, i ul + t__

co kD
0

via-6



-, --- ------

...... ... V.I...



VII



. .. . .. ... .

IA I I I "I

iff]

...... ......

44

. . ..........

..... .....

.... ...... ...

...... .....

iff± ...... .... ...

........ ..

I A

-4+4 -
............

tit

vii-9



........ ....

. . ........

..... .....
...... .... . ... ... .. ..

4W

All Tn

............

vil- 10



. .. . . . ... .-

.4' 4 ~ + -4, -- :

--i --~ --- 1

vn I I



. .. ....... ... ... ..........
.... . . ....

4

++4T.
IMI: I

+ - +

+
L

. ...........

-:t t

.... . . .. . ..

IM: t_;: T

444 -

f I
44t

-it 'R ---------- ++t -1
- -- --------

M. T 4-

++
.-I i If 14

!F14 t It

+

IH++4-.
4+

14 
_14

I't
+ .1_ :4 rrl

-"T

I++

4 
4

41 
+

+t+' i0 l

+1

Vf[- 12



Fi 10

TORSION DIAL INDICATOR LOCATIONS

T T2  I ad Direction of

movement

Ua T,

20"

15"

SHEAR DIAL INDICATOR LOCATIONS

zy2Y 
B

" j T Load

15"

3/4 Marmon Clamp
TYP for all Tests
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Appendix VIII

STRUCTURAL AN-LALYSIS AND EVALUATION OF
UNCOATED AND COATED 7-INCH DIAMETER CYLINDERS

I. TEST LOADS ANALYSIS

A. Cylinder Test Loads

Torsion, shear, and bending moment loads were derived for
the static load/deflection test of the uncoated bias-ply, the uncoated cross-ply,
and the coated two-ply cylinders (7 inches in diameter and 15 inches in length).
These loads were calculated as concentrated couples for separate application
through a test fixture attached to the forward face of the cylinder. Maximum
static loads for each mode were determined on the basis that the fabric mem-
brane loads due to internal pressure would just balance the externally applied
compressive membrane loads; in other words, the point of incipient fabric
buckling. Assuming a design pressure of 11 psi for a 32-inch-diameter two-
ply cylinder, the test pressure for the two-ply 7-inch-diameter cylinder was
increased to 50 psi by the ratio of the diameters to simulate the design mem-
brane stress level in these smaller test cylinders. Considering the fabric
strength capability of the individual ply fabric, the two-ply test pressure was
reduced to 36 psi for the cross-ply cylinder and 14. 3 psi for the bias-ply
cylinder. Based on these pressures, the maximum test loads were deter-
mined by the following isotropic membrane formulas for incipient buckling:

M = 2- (moment) (1)

V =M (ehear) (2)

T 2f R (torsion) (3)

where: R = radius (in.) and p = pressure (psi).

The above formulas apply to the cross-ply and two-ply cylinders )nly. For
the bias-ply, the following formulas for orthotropic fabrics are applicable:

fo = f x cos O + fy sin2 0 + 2 f sin 0 cos O (4)

xWy -x



0 --

f =f si 2Z f Coxs2 O-Z f sine0Cose0(5
x y X

where: f = stress in warp direction

f= stress in fill direction

= meridional stressfX

f£ = hoop stress

f XY=applied shear stress

ae angle between applied stress and fabric stress.

Using the above formulas and the given maximum pressure, the
loads necessary to cause incipient buckling for each type of cylinder were
calculated to'be as follows:

(1) Bias-ply cylinder (uncoated)

p = 14. 3psi (given)

M = 2892 in. -lb.

V = 207 lb

T = 1020 in. -lb.

(2) Cross-ply cylinder (uncoated)

36 psi (given)

M = 2420 ini.-1b.

V =173 lb

T = 6850 in. -lb.

(3) Two-ply cylinder (coated)

p = 50 psi (given)

M = 3380 in. -lb.

V = 241 lb

T = 9530 in. -lb.
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To account for the difference between membrane theory and ortho-
tropic fabric theory of tthe -bias-ply, the znoiat, shear, and torque values for
the two-ply coated cyidr &ecagdto the following:

-eabov ,jiods- wre_% ~L~ 1007 teat 1oadii and were used

of~ ~ ~ ~~ mg aplig r e?1ts ma murn diameter and

30-inch length) were fabricated with the zamr-tps (21:1 as the proposed para-
glider booms. Assuming the frustumi a~b ub-scale specimen of the forward
end ofthe boom, the test loads were- determined from the limft loads at the a

boom forward section. Sinice the fabriC- of the -test specimen and full-scale
boom is identical, the membrane loads in the tst specimen and boom should
be equal (i. e., q specimen' = bo . Memzbrane loade due to bending mo-

ment, body shear, and torsion may be determined from the following formulas:

qM= M/ff R 2  (6)

-I VR si 0 (at neutral axis) (7)

q = T/Zi R2  (8)

By equatiaig the specimen membratne loads to the boom limit membrane loads,
the test loads may be calculated. from the followi-ng formulas:

10 32 n'O(9)
M32

10 -10 3

V 0 V3 R32) (10)

10 T32  3R
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The limit loads of the boom were derived from the aerodynamic loads pre -
sented fn Section 3.2. The combined limit loads at the boom-to-apex junction
used in these calculations are as follows:

VB = 405 lb (shear)

MB = 48,400 in. -lb. (bending moment)

TB = 3, 520 in. -lb. (torsion)

It will be noted that these loads are greater than those presented in Section
3.2.4. The data in this appendix were generated earlier in the program usL-Ig
more conservative conditions. Therefore the test limit loads will tend to be
higher than actual flight loads predicted by later, more rigorous calculations.

At a boom station equivalent to the small end of the £ rastu.ns, the
boom combined limit load were determined to be the following:

V1 = 267 Ib

Mb = 17, 400 in. -lb.

Using these limit loads and the above formulas (9, 10, 11), the following

frustum test loads were obtained:

(1) At base of frustum (large end)

VT = 126.5 lb

MT = 4710 in.-lb.

TT = 344 in. -lb.

(2) At small end of frustum

V = 83 lb

M = 1690 lb

These test loads (100%) wer.e used to determine the concentrated loads applied
to the test jig.
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II. STATIC TEST RESULTS

A. Uncoated Cylinders

The bias-ply and cross-p'y uncoated cylinders were tested
separately using an internal thin rubber bladder (as described in Section
3. 11. 3. 1). The internal pressure was increased in several equal increments
up t aesign pressure. At each pressure level, the bending moment was ap-
plied in equal increments of the calculated incipient buckling moment until
actual buckling occurred. The bending moment was then released in the same
increments until all of the applied load was released. Lateral displacement,
angle of twist, and the bending slope were recorded after each increment. The
following loads and results were obtained for the bias-ply cylinder.

Seven -Ich-Diameter Bias-Ply Cylinder Test Results

Internal -Bending Buckling Calculated Tota! Deflection
Pres- Moment Bend. Bend. Percent T
sure Increment Mom. Mom. of Rotation Translation
(psi) (in. -1b) (in. -lb) (in. -lb) Calc. (deg) (in.)

5 253 758 1010 75 18.0 2.75 '

10 505 1515 2020 75 19.8 2.59

14.3 723 2169 2892 75 21.6 2.88

The bias-ply cylinder increased 0. 786 inch at the mid-diameter and shortened
0.45 inch in length during the bending test. As indicated in the table above,
large deflections and rotations occurred. At the recorded buckling moment,
the cylinder actually bulged over the cuff at the lower attachment Marman
strap as shown in Figure 206 of Section 3.11.3. 1.

A review of the changes in geometry of the bias fiber explains the
reasons for the large lateral deflection, bending slope, and the bulging mode
of buckling. Figure A represents the fiber orientation prior to loading.

During pressurization, the hoop membrane load is twice the axial
membrane load; therefore, the 450 bias fibers reorient as shown in Figure B.
The magnitude would be as indicated above, except for the resistance offered
by the crimp of the weave which offered significant restraint that reduced
values to those obtained during the actual static tests. The bending moment
adds to the membrane load on the tension side of the cylinder and reduces the
pressure tension load on the compressive side. At the same time, the pres-
sure hoop stress realigns the fibers again. Figures C and D indicate these
changes.
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The phantom lines indicate the pressured condition, and the solid
lines show the new position. It can be seen that the tension side tends to
stiffen (bulge less than during pressurization), and the compression side
tends to bulge more. Figure 205 of Section 3. 11. 3. 1 shows the original
bulging during pressurization, and Figures 206 and 207 illustrate the above
effects under bending loads.

Calculations for obtaining the bending moment that would cause
incipient buckling (i. e., bending moment where the bending compressive
load e,-als the axial tension load due to pressurization) did not account for
these changes in fiber orientation or the effect of the crimp. They were in-
tended only as a guide for designing test fixtures and selecting load incre.-
ments. By consistently achieving 75% of the calculated ideal incipient bu k-
ling bending moment, a fair measure of these effects has been determined
for the uncoated bias-ply subjected to bending moments.

After the bending test was completed, the bias-ply cylinder was
subjected to an internal pressure of 14.3 psi. Then, a lateral shear load
of 207 pounds (100%) was applied in 51.8-pound increments at the forward
end of the cylinder, resulting in a 250 slope and a 4.20-inch deflection at
maximum load. The cylinder again bulged over the base Marmon strap
cuff (as shown in Figure 207 of Section 3. 11. 3. 1). However, the shear load
that caused initial buckling was not -ecorded. It should be noted that a total
deflection of 2.88 inches was obtained during the bending test and 4.20 inches
during the shear test of the same cylinder for the same internal pressure and
bending moment. The concentrated lateral load induces both bending and shear
stresses in the cylinder. A comparison of Figures 206 and 207 shows the simi-
larity in the shape of the cylinder under pure banding moment and lateral shear,
respectively. However, the greater lateral displacement recorded during the
shear test can easily be seen. Figure 206 has the classical'curved cylindrical
shape due to pure bending, whereas Figure 207 has the ombined curved shape
plus the lateral shear displacement. The shear test clearly illustrates the
effect of combined bending deflection and lateral shear displacement due to
the combined loads.

Upon removal of the load, a torque of 1020 inch-pounds was applied
in 255 inch-pound increments. The resulting angle of twist was 2. 9 ° , and no
buckles were perceptible in Figure 208, Section 3. 11. 3. 1. The torque was
removed and then increased to 2040 inch-pounds (i. e., twice the calculated
buckling torque), at which time the cylinder slipped on the mounting jig. The
weave characteristics of the bias-ply prevents the possibility of noticeable
buckling waves to occur even though some of the fibers are undoubtedly in
compression. The diagonal fibers in tension will tend to straighten out and
will prcload or crimp torsionally unloaded opposite diagonal fibers, thus pre-
venting any noticeable slack.

The uncoated cross-ply cylinder was tested in the same manner.
The following loads and results were obtained for the cross-ply cylinder.
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Seven-Inch-Diameter Cross-Ply Cylinder Test Results

Internal Bending Buckling Calculated
Pres- Moment Bend. Bend. Percent Total Deflection
sure Increment Mom. Mom. of Rotation Translation
(psi) (in. -1b) (in. -Ib) (in. -Ib) Calc. (deg) (in.)

12 201 1207 807 150 .28 .35

24 403 2421 1614 150 .56 .53

36 1000 1750 2420 72 - -

(failure)

Premature failure of the cross-ply cylinder prevented the comriple-
tion of the lateral shear and torsional tests. The severe clamp loads, required
for attaching and sealing the specimen to the mounting fixture, combined locally
with the applied pressure and bending loadb to cause failure. Inspection of the
failed specimen indicated that some of the fibers had been deformed under the
clamp. However, results obtained during the bending test were quite significant.

Since the fibers of the cross-ply cylinder are oriented in the direc-
tion of the pressure membrane loads, the cylinder did not bulge during pres-
surization, but remained straight and firm. The longitudinal orientation of
the cross-ply fibers are in the same direction as the bending moment membrane
loads. As indicated in the tables above, the bending rotation and lateral dis- -
placement were extremely low for the cross-ply cylinder when compared to the
bias-ply cylinder. This is attributed to the fact that the cross-ply cylinder dis-
placements are the results of the strain in the individual fibers and the stretch-
ing of the crimp, whereas the bias-ply cylinder includes these effects plus the
large displacements resulting from the realignment of the fibers.

The efficiency of the cross-ply cylinder to carry bending moments
was verified by its consistent ability to withstand 150% of the calculated bend-
ing nrpoment for incipient buckling when the bending compressive load is just
equal and opposite to the pressure tension load. This additional compressive
load-carrying capability is attributed to the individual compressive and bend-
ing strength of the longitudinal fibers which are supported by the lateral fibers
?nder hoop stress. Had it been performed, the torsional test of the cross-ply
cylinder, undoubtedly would have demonstrated the inefficiency of the cross-
ply under torsion due to the necessary realignment of the fibers to carry the
torsional shear loads. However, the test of the two-ply coated cylinder (re-
viewed below) demonstrated the excellent rigidity and stru'tural integrity of
cross-ply and bias-ply cylinders bonded together to react all three modes of
loading: bending, lateral shear, and torsion.
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B. Coated Two-Ply Cylinder

The test setup for the coated two-ply cylinder was similar to that
employed in the previous tests of the individual uncoated single-ply cylinders.

Bending, shear, and torsion loads were applied separately in equal increments
up to the calculated incipient buckling loads. When buckling was not observed
at these loads, the maximum loads were maintained and the pressure was re-
duced until buckles in the specimen were noted.

The following loads and results were obtained for the coated two-
ply cylinder:

Seven-Inch-Diameter, Coated Two-Ply Cylinder Test Results

Buckling
Total Deflection Pressure

internal Applied - at Max. Percent
Type of Pressure Max. Static Translation Rotation Load of

Load (psig) Load (in.) (deg) (psig) Pressure

Bending 16.6 i210 in. -lb .342 2.1 5.5 33

Bending 33.0 2420 in. -lb .567 3.8 25.0 75

IBending 50.0 3630 in. -lb .750 5.4 28.0 56

Shear 50.0 207 lb .311 1.1 25.0 50

Torsion 50.0 1530 in. -lb -- 1.9

The rotation obtained during the application of the bending incre-
ments shows an increase over that obt2ined during the test of the uncoated
cross-ply cylinder and a marked decrease over the rotation obtained during
the test of the uncoated bias-ply cylinder. This difference in rotation can
be attributed to the manner in which the inner bias-ply and outer cross-ply
cylinders share the applied load. In comparing the results with those ob-
tained using the bias-ply cylinder, a large improvement in the structural
stiffness of the cylinders in bending is noted. Likewise, in comparing these
same results with those obtained using the cross-ply cylinder, the two-ply
cylinder shows a small loss in bending stiffness. This decrease in stiffness
could result from the two piys not sharing the applied loads in the ratio which
was considered ideal. If, for example, the bias-ply reacted a larger per-
centage of the internal pressure load than the assumed amount, this would
result in the cross-ply cylinder being partially underloaded. Since most of
the stiffness of the cylinder in bending is a result of the cross-ply, the re-
duction in cross-ply membrane load would likewise allow an increase in
bending rotation. This :ffect is in part burne-out by the decrease in tor-
sional rotation of the two-ply cylinder as compared to the bias-ply cylinder.
Any decrease in torsional rotation results from the increased stiffness of the
bias-ply due to an increase in its membrane load.
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Appendix DE

FRUSTUM TEST REQUIREMENT

PROYECT FIRST



1.0 SCOPE

The scope of this requirement is to specify the general test methods
for testing of all multifilament metal fabric frustum test specimens (SG 1109454)
in accordance with the contraccual requirements of Project FIRST, Contract
Number AF 33(657)-10252.

2.0 TEST SPECIAENS

The test specimens shall be eleven (11) each 10-inch diameter (taper-
ing to 7-inch diameter) x 30-inch long frustums per Dwg. No. 1109454. Speci-
mens shall be serially numbered SIN Pl (P = Preliminary), 1, 2 . . . 10.
Number P1 shall be fabricated from pilot run fabric, and the remainder from
production run fabric.

3.0 GENERAL TEST PROCEDURES

3.1 TEST FACILITY

The test specimens shall be subjected to the teits shown in Table I,
using test facility number 1110603, as shown in Figure 3 of this Requirement,
utilizing calibrated gauges, indicators, and instruments per Air Force require-
ments along with such pneumatic and hydraulic load actuators and other acces-
sories as may be required.

3.2 SEQUENCE OF TESTING

The sequence of testing has been chosen in such a way as to maximize
the amount and relative importance of data acquired early in the testing sequence.
Should premature failure or otherwise unsatisfactory test results be obtained, a
decision to retest may be made, using a new specimen. In such a case, the new
specimen fxall be the next one available but the planned order to test specimens
and test soquence shall not be disturbed so that, no matter how many retests
are performed, the tests shall have been performed in the sequence given in
Table I. The order of test sequence may be changed o-nly upon agreement of
the Project Engineer.

3.3 TEST SET-UP

3.3.1 GENERAL PROVISIONS

The end closures shall be assembled to the specimen making sure
that there are no wrinkles which could cause leaks in the fabric in the clamp-
ing area. The clamps shall be positioned as close as possible to the wire rings
at the ends of the specimen. Closures should be parallel to the ends of the
specimen.

NOTE: The specimen shall not be buckled or creased during assembly.
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Daring and after mounting the completed specimen and closure assem-
blies to the test fixture, the weight of the upper closure or loading jig shall be
reacted by a counterweight. Before mounting the specimen in the test stand, the
preliminary leak test procedure of paragraph 3. 3. 2 below shall be performed.
Finally, the nitrogen supply line and a separate pressure gage or recorder line
shall be connected tn the specimen.

For high temperature test setups, the enclosure designed for this
purpose shall be installed and purged of oxygen using dry nitorgen prior to and
during heating the test specimen. Nitrogen atmosphere shall be maintained at
conclusion of high temperature testing until test part temperature has dropped
below 250 0 F. Thermocouples shall be installed as indicated in Figure I during
test specimen fabrication.

3.3.2 PRELIMINARY LEAK TESTING

Before the nitrogen supply and pressure gage lines are connected to
the test specimen closure fixture, they shall be connected together and a leak
check of the pneumatic system shall be made at 50 to 60 spig. When the supply
regulator is valved off, the system pressure drop shall be less than 1 psi in
10 minutes.

After assembly of the specimen and end closures per paragraph 3. 3. 1,
internal nitrogen pressure, not to exceed 2 psig, shall be applied and leaks in
both the specimen and the connections noted. Leaks that can be heard or located
by running the hand over the perimeters of the end joints and pneumatic connec-
tions shall be rectified if they are not in the specimen proper. If no leaks are
otherwise apparent, a solution of standard leak test fluid shall be applied and a
further check made. Any leaks or coating blisters in the specimen itself shall
be located by inspection, including use of the soap bubble technique, and re-
corded with the relative sizes and locations noted. The leakage record shall
be reviewed by the Project Engineer before any subsequonut test runs are made.
The test specimen shall be returned to fabrication if leaks are significant
enough to require repair before testing.

If the specimen is subjected to high temperature tests, it shall be
purged of atmospheric oxygen before heating by bleeding nitrogen slowly through
it for a minimum of one hour. The purged atmosphere shall be checked for
oxygen content (not to exceed 1%) by an oxygen analyzer device.

3.4 DOCUMENTATION

All data and observations shall be recorded, signed, and dated in
SG laboratory notebooks or on data sheets with copies transmitted to Project
files. Black and white still photographs and color movies shall be used to
document all important facilities, tests, and test results at the direction of
the Project Engineer.

IX-2



4.0 PRECAUTIONARY NOTES

a. All test runs shall be witnessed by the Project Engineer or,
at his option, a representative designated by him in each
specific case.

b. Pressure in excess of 35 psig SHALL NOT be applied to a
specimen at any time except during a witnessed test.

c. The specimens shall be handled and stored in a manner that
will assure that no accidental creasing of the cloth or other
damage will occur, either befoie and after testing.

d. Pressure and other loads cycling for pre-test or post-test
check-out, photography, etc., shah be held to a minimum
in order to prevent fatigue damage to the specimens.

e. During tests that conceivably could lead to pneumatic rupture,
provisions shall be made to assure that no personnel injuries
will result from :lying parts of the test fixture or specimen.
Note the anticipated minimum strength values in Table I.

f. Each specimen shall be identified with fabrication serial
number and test number.

g. Only the Project Engineer is authorized to make changes
(in writing) in test procedure or equipment and to determine
final disposition of test specimens following test completion.

5.0 SPECIFIC TEST VROCEDURES - PERMEABILITY, PRESSURE,
LOADS, AND PACKAGING

5.1 PERMEABILITY TESTING

5.1.1 ROOM TEMPERATURE PERMEABILITY TEST

With the specimen setup as described in paragraph 3. 3, 3. 0 psig
internrl pressure shall be applied to the specimen. The nitrogen supply shall
then be closed off and the time required for a 1. 0 psi pressure drop (to 4. 0
psig) shall be recorded. This reading shall be repeated for two additional
times. Next, the leak rate between 10. 0 and 9. 0 psig shall be similarly mea-
sured three times. Tne internal pressure shall be bled down slowly to approxi-
mately 1. 0 psig if the test setup is to be allowed to stand idle for more than one
hour.

5.1.2 MAXIMUM TEMPERATURE PERMEABILITY TEST

NOTE: The oxygen purging procedure of paragraph 3. 3. 2 is appli-
cable to this test.
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This test shall be performed on post-temperature test specimens
during their heating cycle. Internal pressure shall be applied and maintained
at 11 psig. At 8 minutes after specimen temperature at TC-5, Figure 1,
rises above 700 0 F, the internal gas pressure supply shall be valved off and
readings of the gas pressure taken at 30 second intervals for a total of 5
readings.

Following the last reading (at 10 minutes after TC-5 temperature
rises above 7000 F), the heat lamps shall be turned off.

5.1.3 POST TEMPERATURE PERMEABILITY TEST

Following establishment of stable "room" temperature conditions
after completion of the maximum fabric temperature testing of paragraph
5. 1. 2. the permeability test, as described in paragraph 5. 1. 1, shall be
performed.

5.2 PROOF PRESSURE TEST

5.2.1 ROOM TEMPERATURE PRESSURE TEST

Internal pressure shall be increased at a constant rate of approxi-
mately 0. 5 to 1. 0 psi/sec until 35. 0 spig pressure is attained. The nitrogen
supply shall then be closed off and the time required for a 1. 0 psi pressure
drop (to 34. 0 psig) shall be recorded.

The minimuum ultimate pressures of Table I should be noted. Ex-
ternal loads superimposed on the pressure load would, of course, act to reduce
these values. These ultimate values shall be considered during safety planning.

5.2.2 PRESSURE TEST AT MAXIMUM METAL FABRIC TEMPERATURE

With internal pressure held at 35 psig and radiant heat lamps posi-
tioned parallel to the specimen leading edge centerline, the heat lamps shall
be turned on and the external fabric temperature (thermocouple TC-5, Figure 1)
raised to 850OF maximum as quickly as equipment limitations will allow. After
10 minutes (elapsed time from 700 0 F), the lamps shall be turned off. The pres-
sure shall be maintained at 35 psig during the entire heating cycle. Time vs
temperature data shall be continuously recorded during the entire test run.

5.2.3 POST -TEMPERATURE PRESSURE TEST

Following completion of the permeability test described in paragraph
5. 1. 3, the pressure proof test, as described in paragraph 5. 2. 1, shall.be
performed.

5.3 ULTIMATE PRESSURE TESTING

5.3. 1 ROOM TEMPERATURE BURST TEST

The pneumatic burst test shall be performed following the comple-
tion of all other roon temperature tests. Internal pressure shall be increased
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at a constant rate of approximately I to 2 psi/sec (subject to gas flow limita-
tions of the nitrogen pressurizing system) until specimen failuze occurs. In
the event that a test equipment malfunction or specimen secondary failure
occura during the pressurizing run, which would compromise the validity of
the test, every effort shall be made to stop the test run with minimum load-
inflected damage to the specimen. The malfunction shall be corrected as well
as practicable before atteznting a rerLm.

5.3.2 BURST TEST AT MAXIMUM METAL FABRIC TEMPERATURE

After maintaining component pressure at 35 psig and fabric tem-
perature (TC-5) at 700 to 8500F for 10 minutes elapsed time, the internal
pressure shall then be increased at a constant rate as described in paragraph
5. 3. 1 until failure occurs. Since the heating lamp will be shut off and a pro-
tective shield positioned in front of it before the pressure increase is begun,
heat will cease to be added. The final temperature (as measured by TC-5),
at the end of the 10 minute heating period, should be in the high part of the
700 to 8500F range, and then the pressure should be increased such that burst
will likely occur before the temperature (TC-5) drope below 7000F.

5.3.3 POST-TEMPERATURE BURST TEST

This test shall be performed as described in paragraph 5.3. 1.

5.4 DESIGN LOADS TESTING

5.4.1 COMBINED STATIC LIMIT LOAD TEST

The static design limit load tests shall all be pe'rformed at room
temperature with 35 psig internal pressure, The maximum values given in
Table II shall be applied proportional to one another and sin ultaneously in
at least three equal increments. At each increment, deflection data shall be
recorded. Deflection instrumentation locations are shown in Figure 1. At
the completion of the limit load test, and without reducing the static loads,
the procedure of paragraph 5.4. 2. 1 shall be carried out when required by
the test matrix of Table I. If the ultimate load test is not required, the limit
loads shall be reduced incrementally and deflection data shall be recorded again.

5.4.2 COMBINED STATIC ULTIMATE LOADS TEST

5.4.2. 1 ROOM TEMPERATURE ULTIMATE LOADS TEST

The combined static loads shall be increased simultaneously and
proportionately until failure occurs (buckling or rupture).

5.4.2.2 ULTIMATE LOADS TEST AT MAXIMUM METAL FABRIC TEM
TEMPERATURE

This test shall be performed during the pressure proof test of para-
graph 5. 2. 2. At approximately halfway through the 7000F to 8500F heating
period, the combined static loads shall be increased at a constant rate until
specimen failure, as defined above, occurs. If buckling failure (no gross
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collapse or rupture) occurs, the loads shall be reduced and the design limit
loads shall be maintained throughout the remainder of the heating cycle and
then reduced. The heat lamp shall be turned off 10 minutes after the 700°F
temperature is reached as in paragraph 5. 2. 2.

5.4.2.3 POST-TEMPERATURE ULTIMATE LOADS TEST

Following the completion of the other scheduled tests and when stable
temperature conditions have been established, the post-temperature combined
ultimate loads test shall be performed, as described in paragraph 5.4.2. 1.

5.4.3 COMBINED FATIGUE LOADS TEST

5.4.3.1 FATIGUE LOADS AT MAXIMUM METAL FABRIC TEMPERATURE

This test shall be performed during the pressure proof test of para-
graph 5. 2.2. At 700°F fabric temperatare as recorded by thermocouple TC-5,
the combined limit loads, as given in Table II, shall be cycled from 0% to 100%
and back to 0% at a uniform rate of 1. 0 cycle per minute, for a total of 10 cycles.
At the end of the last cycle, the heat lamps shall be turned off.

5.4.3.2 POST-TEMPERATURE FATIGUE LOADS TEST

Following completion of the proof pressure test of paragraph 5. 2. 3,
the post-temperature fatigue loads test shall be performed by following the pro-
cedure of paragraph 5.4. 3. 1, except that no heat shall be applied to the specimen.

5.5 PACKAGING TESTING

5.5.1 PACKAGE CONFIGURATION DETERMINATION

The specimen (without wire end rings, if possible) shall be carefully
folded and/or rolled at the direction of the Project Engineer so as to simulate
possible packaging of the full-sized paraglider. When the folding and/or roll-
ing has been completed, a container shall be made to enclose the specimen,
simulating actual packaging requirements, and measurements of "packaged
volume" shall be made with photographic documentation.

5.5.2 PACKAGED VIBRATION

The packaged specimen shall be mounted on a shaker table and
vibrated along one axis through the following spectrum simulating the Saturn
V launch condition:

Sinusoidal 1 Sweep at 3 Octaves/Min.

5 to 18.5 cps 0. 154 inches, D.A.

19. 5 to 100 cps 2. 69 g, Constant

The specimen shall then be removed from its container and given a visual in-
spection to determine the extent of any test damage. Observation shall be
reported in detail and photographs taken to document possible creased areas.
Testing as required in the test matrix of Table I shal] then continue.
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Table I

PROYECT FIRST TEST MATRIX FOR
10-INCH DL4ME.TER FRUSTUMS - P/N 1109454

'ests 61 Tests 0 Max. Tests After
Test - Roo.eTarature - Metal I - - Coli? - Frustum

No. PsPr Pk kVLL ULFB %Pr n UL PBPm Pr FL LPB S/N

Pi X X X Pi

Fi X X X Xi

2 X X X 3
3 X X X X 2
I x* X* X x x 6
3 x x x 8
39X X X X 8
9 X x X X T

10 x x x x x 9

6 X X X XX X
7 XI XX 5

8 1XX X 'X I X X 10

*Repeated after PkV Test

Ps - Permeability Test IL = Limit Loads Te-t (Desipi)
Pr n Pressure Test UL . Ultimate Loads Test
Pk - Package PB Pnematic Burst Tst

PkV - Packaged Vibration FL = fttigue Loads Test (Ion)

NOTE: Minim= expected ultimate pressure values:

Ambient USx Cloth TegE After Cooling

61 psi 49 pai 61 pai

Description of Tests in text:

Room ,Tem. Max. Te After CoolingTest , Pr. t aa w P ara..
PS 5.1,.1 PC 5-.2. N 5.1.3

SPr 5.2.1 Pr 5.2.2 Pr 5.2.3
S5.5.3 n 5.43.1 n, 5.43.2

Pkv 5.5.2 UL 5.4.2.2 UL 5.4.2.3
LL ,,4.1 S 4.3.2 PB 5.3.3
UL 5.4.2.1
PB 5.3.1



Table U

DESIGN LIMIT 1is, DS ON 10-IN. TO 7-IN.
BY 30-IN. LONG FRUSTUMS

Design limit loads at the supported 10-1n. diameter end of the specimen:

Torsion Moment = 344 in. -lb

Bending Moment = 47 10 in. -lb

Shear Force = 103 lb

-.p.

. ,.
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SPACE SYSTEMS AIORATORIES

TEST PLANNING SHEET

DATE 21 April 1966

TEST_--- PRWMOJECT F nrST F Ll O AM T & 1Z43WERATB TEI

JOB NO. 335 A-D

PROJECT ENGINIA "L .t TO K COMPLEE SY ENG. LAICUATORIES

DESIRED START DATE 5b1/66 TEST ENGINEER i .. Navne,

PROJECT APPROYAL EST. SAMIA HOUMS __________

Tf ft OF TEST EST. HOURLY HOURS

RESEARCH ANU/O DVELOWWMNL2 EST. MATERIAL DOLLARS

.... ....... .._____________ TEST 1 ART DATE . ... .........

QO 1FICIATION _ _....... TEST ptA-1~ NO. 02 3

IillWIi. APPROVAL 9- M- brer Jr

ACCEPTANCE . ......... . ..__ __ C.C. A. F. , ac (2), C. Barton, . H. Fredy.,
J. 0. Ouidero, J. S. Haynes, J. Crawrord,

TEST ENIRONMENTS 0 E. Wright, R3D File 335.2,2 (2ater)

TEMFERATUE Amin to 85O6 __________________

*(Weasured at re.iforc n fsbricJ
PRESSURE "*kW E = U putg

VIBRATION x YPE 0 - 20 epe, 0.25 to 2.6 I' s$ ine inaut

ACCELEAT tN_____________________

SHOCK

HUMIDITY _

SALT SPRAY

SAND & DUST

OTHER Load deflectlon and regsurization
Project office itsponsibiltyt to be ultimately placed ln

TEST SPECIMEN DISPOSITION Bonded Stores for Air Force disposltion.

JUG:rd *(Nessured at reiniorcing fabric)

soC 115-M(,/63) - Pop I
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Test Plan 10. 0266-3
21 April 196

Job No. 335 Page 2

1.0 UST OC5QZ

The objective of these tests is to determine the adequacy of design and
fabrication teckmolegy of the Project FIS proposed paraglider in accordance
with the requirements of Contract No. A 33(&R)-10252. The test specimen is a
full-scale leading edge boom using rubber imprguated and coated mltifilament
metal fabric as the material. Tests shall be perfornm !n the specified sequence
simulating the conditions encountered dring predicted, normal reentry flight.

The leading edge boom (SOC 110952) will be set up as shown in Pigtres

I thru 4, to complete the requireens of the proof pressure permeability, flight

vibration, and static limit test loads. The boom will be cantilevcred from a
stationary support using a clamped closure on the 32 inch large end of the boom
where a two-ply cuff and end wire hoop are provided. The static loads will be
introduced via a load distributing whiffle-tree into the wing membrane tabs which
are an Integral attachment of the boom. Displacement transducers capable of
measuring displacements up to 10 inches (3.22 0100%) with accurswies to 003
inches will be used to measure the displacesents, due to bending and torsion loads
applied through the mebrane tab. General provisions for care in handling and
mounting shall be the sane as provided for fxustwa testinx in requirement 535R-7.
Pressure in the boom shall be bled m to approximatal- 1.0 pig if the set up
is allowed to stand idle for more than one hour.

i3.0 TEST P90CEVA - AMM OB M

3.1 D0OJULAC f

All data and observations shall be recorded, signed, and dated in SGC
laboratory notebooks or on data sheats with copies transmitted to Project iles.
Blak and white still photographs and color movies shall be used to document all
important faciliy tests, % test results at the direction of the Project Engineer.

3.2 PRECNTIONARY WM

a. All test runs shall be witnessed by the Project Engineer or,
at his option, a representative designated by him in each
specific case.

b. Pressure in swess of 5 psig SHALL NOT be applied to a speci-
men at Im except during a witnessed test.

c. The specinens shall be handled and stored in a manner that
will assxe that no accidental creasing of the cloth or other
damge will occur, both before and after testing.

d. Pressuee and other loads cycling for pre-test or post-test
checkout, photography, etc., shall be held to a minis in
order to prevent fatigue damage to the specimens.
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e. Daring tests that conceivably could lead to pamatic
rupture, provisions shall be made to assure that no per.
&onal injuries will result from flying parts of the test
fixture or specimen. Note the anticipated adniam strength
values In Table I.

f. the specimen shall be identified with the fabrication
serial nuber and test number.

g. Only the Project Engineer Is authorized to nke changes
(in writing) in tent procedure or equpment and to deter-
mine final disposition of test specimens following test
completion.

3.3 PUWs P9W AND PEJ3AB T 2W

Upon completion of the test setup as shown in Figure 1, nitrogen pressure
of 0.5 psig h hll be applied to check the boom and presurisaticn system for
leaks. A scap solution my be used to determine sny swl leaks. After the sys-
tes hos been leek checked, the pressure shall be increased In 2 psi increments
to 11 psig. Diametrical and legth m s'mmu 11.11 be tshm after amok in-
eamoig increment.

Upon reaching 5.0 psig, the time requred for a 1.0 psi pressure drop
from 5.0(to 4.0 psig) shall be recorded. The reading shall bc repeated two
additional ties Pressure shell ten % continue to be increased in 2 psi ncr*-
mets as above.

Upon reaching 11 paig, the pressurization valve shall be closed for 30
minutes to determine the leakage of gas through the walls of the specimen. Te
pressure drop sal be recorded at each 5 minute interval. Should the pressure
drop be greater than anticipated, pressure drop readings shall be recorded at
,loser intervals.

The leakage record shall be reviewed by the Project Engineer before any
subsequent tests are perfoxied. The boom shall be returned to fabrication if
leaks are significant ea quh to require repair before further testing. 11
repairs are made, the above p rmebility and proof pressure tests shall be re-
peated.

3.14 PAQCK=M O ETING

3.4 a FOLD TEST

The boom is to be carefully folded and/or rolled in a manner approved by
the Project Engineer which will be characteristic of the manner of pachaglug
the full sized paraglider. Once this V-ckage configuration has been made the
shape w ll be constrained while a metal container is made to encapsulate the
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-- eoin smulation of a ftU seale paregliAer package. Iaumrmnts of
"obm simill be &We with msuitable Phtouqbie dotintaton.

The padkeged specim in the container, properly padded if required,
is to be installd on the sbaker table and the package vibrated along me ais
at:

Simmnidal 1 fta at 3 2AtWsNn

5 to 18.5 ca 0.151. In. D.A.
18.5 to 100 cps 2.69 1g' Constmt

A post-test visual Inspection of the specimen shal be made, docenated to-
grphically, both before and after deploying the bocm to the Inflated shape.
The procoures of perapaph 3.3 shal be repeated.

3.5 VMU SU T
The object of he vibration tests will be to determine the fundamental

resonant ftequency of the specimen, due to lateral vibrations of a low tanut level.
1ble maintaining ninput lav of oIg' or less, (via ref. accelerometers an the

aUnting jig), the freqency shall be swept from .0 to 250 cps, in 3 min., vith
the output of acceleroeters being recorded. (See Figre 2.) Upon determination
of resonant ftuency by the outpat acceleromters, photographs shall 'be taken
with the aid of a strobe light ad still eme-, to determine any unusual aode
shopes (I.e., cross sectional and/or longitudinal) of the boon. An internal pres-
sure of 11 pai sbL1 be mintained t1rougjxmt the vibration.

3.6 !TXC MTzaiC TUS

T staltic lUit loads zest sup is shm in Fiare 3. T* IntArnal
pressure shall be maintained at 1 peg end the external, lateral load Increased
in 20% incremnts to 1C0% of cadined limit loads. Deflection data $hall be
takes at each load incremt.

Should aq yiedeing, 1ticklL4 , or doging deformation be detected &u=ng
the teat, the loading wil be stopped so as not to dimge the specimen for the
elevated temperature end post-teoerature tests. U extenal loads shall be
decreased to zero, while maintaining 11 paig internal pressure, and deflection
measurem ts shall be made to determine any residual act.

3.7 MSU & PD TABLIw T

After zompletion of the alusient taqmrature tests and maintaink.4 the
sme test setup, the penmability (nd proof pressure test of parapaph 3.3 shall
be repeated in total.
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3.8 CYCLIC STATIC LADS T A! ZMAND TOUA!RE

Upon compltion of the pressure ad permeability tests of pea. 3.7,
f the infrared beating loop and inert atmosphere enclosure will be set up to

run the elevated temperature tests. Nitrogen gas will be bled into the en-
closure to i -mm e an "Inert" stsagmbee ot 1.se then 1.0% (by volume) caygen
as measured by suitable test equipment.

NOTE: Eleven (11) psig internal pressure will be maintained
thrighout the high temperature tests except for the
pressure tet period par paragrnph 3.10.

The timpersture will be increased at the mau heating rate of the
lams. At 700" as measured by at least two thermocouples attached to the
fibric, the 100% lateral merane load of 3iaO lb. will be applied as shown in
Figurelead cycled ten (10) times from 0to 100% at arate to ompletit one
cycle per minute regardless of the temerature obtained. Havever, 85017 metal
fabric temperatur e will not be exceeded. One (1) displacement transducer
(l - 10"1) as shown in Figure 4 will be continuously recorded during the heating
and cycling test.

3.9 VIBUTICK 2EST AT 1LZVAMTm) 2U aI

Upon completion of th lateral load cycling test, the lateral loading
apparatus will be removed and the specimen will be subjected to a fundamental
natural frequency in the saw manner as previouily determined at room abient
temperature, to determine the effect of vibration after the silicone rubber and
metal fabric has reached maimam temperature. This test &,tould occupy 2.0
minutes maxima.

3.10 PUSETS TEEAE UEAM

After completion of the vibration test, a permeability test shall be run
by closing off the nitrogen pressurization valve sid noting the drop in pressure
for a 1 minute time interval and internal gas temperatures shell be noted at
the beginning wA end of the 1 minute period, The internal pressure shall then
be increased back to 11.0 psig and maintained.

M-1 operations mentioned in paragraphs'3.8, 3.9 and 3.10, shall be
comleted in one heating, and shall be coordinated tRnot exceed a time limit
of 15 inutes after the metal fabric has reached 700-F. (See Figure 5). Should
the specimen burst or tail during these tests, photographs will be taken of the
failed part. At the conclusion of the 15 minutes heating period, the heating
leap shall be shut off and the part allowed to cool to room temerature while
remining in the nitrogen purged enclosure.

3-11 TESTS AFTE C00L2UG

Upon comleition of the elevated temperature tests, the permeability
(paragraph 3.3) and pressure vibration (paragraph 3.9), and cycling of static

loads (paragraph 3.)will be repeated, to determine the structural capability
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of the specim after being ob*jected vo simulated reentry teeature.

3.12 5!ATIC MUDIM IAV U=t3 Z EME UT AITU COMIN

e ith the internal p ,esue mintained at 1 paig, the lateral la ds
wlbeincreased In 10% inermats beyand 100% (up to 300% cray) util visual

buckling or failure oeo'as. UhmalA the apeeiinl not ruptw*e during the static
load to failure test, the specimen will be failed by reduc LmS the external load
to zero and Inoreasing the Internal pft,,sur at 10.0 psi/inute aximum beyond
32 peig vatil speciums burst. Pbotogrco~ (incluting higb speed movie film
dun burnt test$ if possible) of the faiur will be taken to show the nature
Of failure.
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ULdat Transverse Pressure

0 0 11.0
2D 68
ho ~ 136

80 7
100 31.0
80 2
60 201.
1.0 236
20 68

0 0 1.0

100% Unmit Lod

Reapective loads at aiWot.4 32" dismatr end o boom at
100% caftnn1 ext.ernal load:

Torsion )mant * 3,760 in. lb.

Baning Nment - 12,183 in. lb.

BhOrn 7OA.g 31.0 lb.
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PACKAGE VIBRATION TEST OF BOOM



1tST IfLE PWEAND FOR RIPOT NtJMBE*

P9citaged Vibraton Test Space General Corporati 4727
of One (1) Projeact First 9200 East.Fisir Drive PAGE-J.OF...L
Boom Assembly, Part No. El Monte, California
1109452 1

AMt. Mr. John Guidaro

REFERENCES: (a), Space-General Corporation Purchase Order No. 335-
P67195.

(b) SGC Test Planning Sheet No. 0266-3 dated 21 April
1966y titled: "Project First Full Scale Boom
Ambient and High Temperature Test".

This is to certify that one (1) Proj ect First Boom AssemblyI Part No.
1109452, has bee subjected to the Packaged Vibration Test set forth
In Paragraph 3.4.2 of Reference (b as required by Reference (a).

Specifically, the test specimen, while packaged in its containeorI was
rigidly mounted to a vibration test machine as 9hown in Photograph 1.
Thereafter, the test specimen was subjected to one logarithic sweep
upward between the frequency limits of 5-100 cps. The sweep rate was
maintained at three octaves per minute. Vibratory inputs maintained
during the test were as follows:

Frequency (cps) Vibration Input

5 - 18.5 0.15411 DA
18.5 - 100 2.69 G

At the conclusion of the aforementioned Vibretion Test, the test
specimen was removed from the vibration table and the container was
examined f or any evidence of damage. None whatsoever was noted.
The test specimen was returned to Space-General Corporation for
removal and examinaton of the boom assembly.

Enclosure No. 1 sets forth a list of equipment utilized to perform
the Vibration Test.

MTATO OF CAL*OftNIA I.
COUJNTY OF LOS ANGELf S

A. E. GelsQ be.q dul 14 Jun ....... . . . .

4tht M441t of CcnV4- " itis WW1W t t4 WA 16 41 * Cotrtact N&.........................

.7 .~ .... ... ..~.SUMC11W Aft r.01 1O 1968
COM ON NTIV LU TI N A. nA OIS a.ge 7.1M166 O~t~ OUHI MOT . 44 Wt~fOINI CU r4)*C 91 w~S42S)

--1 1/71Ca QC Mr TxI- A
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E ".CJSURE If
DESCIPTION&FLr J PE..I&FUC

Equipment Manufactvrer, Caltbration
Description SIN, Preo

Exciter, Vibration Me Electronics 6 months
Range: 5 to 2000 cas M/N C-210
28,000 Force lbs.sine CEL No, 2-156
25,000 Force lbs/random
Accuracy: Waveform di$tortlott:
1 15/ fs output

Power Supply, Vibration MB Eiectronics NA
Range: 5 to 5000 cps MIN 999
78 kw output SIN 105
Accuracy: Externally CEL No. 2-161
instrumented

Control Console, Vibration MB Electronics I month
Range: 5 to 10 00 cps M/N T 68
Accuracy: 1 5.6. rdg. CEL No. 2-162

Accelerometer, Piezo- Endevco Prior to use
electric M/N 2213C
Range: 0.15 to 10,000 G S/N LB 46
Sensitivity: 15 rrns mv/G CEL No. 3-436-1
Peak - Freq. Response: 2
cps to 7 kc
-54*C to +110C
Accuracy: Linearity: ±2.0Z rdg.

All equipment utilized was currently in calibration as outlined

in Component Evaluation Laboratories' Quality Control Manual.

COMPON9NTEfVALUATIOULAOa*ATORt~s ISa A#. 7., * I2 POftifO. ScUt It *WI. C041FOWA. CIJ 34WS 0; 4"11 * WX.1340.W
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FULL SCALE APEX TEST PLAN



SPACE SYSTEMS LABORATORIES |
TEST PLANNING SHEET

TITLE: DATE 21 September 1966

TEST Project FIRST Full Scale Apex Ambient Test Plan

-JO1 NO335

PROJECT ZNG1NFEN._0;2/1 . TO BE COMPLETED BY ENG. LABORATORIES

DESIRED SIART DATE TEST ENGINEER J. S. Hayner

PROJECT APPROVAL. . ._. EST. SALARY HOURS

TYPE OF TEST EST. HOURLY HOURS-

RESEARCH AND/OR DS EOPMENT X EST. MATERIAL DOLLARS

TEST START DATE

QUALIFICATION TEST PLAN NO . 0966-1

___________ SUPVR. APPROVAL " h. Fre.y, Jr.

ACCEPTANCE C.C. A. Baca(2 L *)J Crawford. G.H. Fredy,
J. Guidero, J.5. Haynes, J.F. Keville,
W.A. Makofske, S. Schrink, A. Speyer,TEST ENVIRONMENTS ]ZLD File 335 2. Z (2+Master)

TEMPERATURE Am3bient

PRESSURE PMWNK Aji .-:= 11 psig

VIBRATI ON TYPE

ACCELERATION

SHOCK

HUMIDITY-

/ SALT SPPAY ........-- ..

SAND & DUST_-

___E_ Load deflection and pressurization _

TEST SPECIMEN DISPOSITION Project office responsibility to be ultimately placed
in Bonded Stores for Air Force disposition.

Su 115--07(t{/6) -Po -X.I-
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PROJECT FIRST FULL SCALE APEX AMBIENT

TEST PLAN

L0 TEST OBJECTIVE

The objective of these tests is te determine the adequacy of design
and fabrication iechnology of the Project FIRST proposed paraglider in ac-
cordance with the requirements of Contract No. AF 33 (657)-10252. The test
specimen is a full-scale Apex assembly using silicone rubber impregnated
multifilament metal fabric as the material. Tests shall be performed in the
specified sequence simulating some of the conditions encountered during pre-
dicted, normal reentry flight.

2.0 TEST SPECIMEN AND SETUP

The Apex (SGC 1109453) will be set up as shown in Figure 1, to
complete the requirements of the proof pressure, permeability and static
limit loads tests. The Apex will be cantilevered from a stationary support
using a clamped closure on the 32 inch center stub boom where a two-ply cuff
and end wire hoop are provided. Clamped closures will be installed on the two
leading edge stub booms and these closures will be supported from the test
fixture. The static loads will be introduced via the ends of the two clamped
closures into the Apex assembly. Displacement transducers capable oi meas-
uring displacements up to 10 inches (5. 22 @ 100%) with accuracies to + 0. 03
inches will be used to measure the displacements, due to bending, sh-ear and
torsion loads applied through the stub booms. General provisions for care
in handling and mounting shall be the same as provided for frustum testing in
requirement 335R-7. Pressure in the Apex shall be bled down to approxi-
mately 1. 0 psig, if the setup is allowed to stand idle for more than one hour.

3.0 TEST PROCEDURES - AMBIENT TEMPERATURE

3.1 DOCUMENTATION

All data and observations shall be recorded, signed, and dated in
SCC laboratory notebooks or in data sheets with copies transmitted to Project
files. Black and white still photographs and color movies shall be used to
document all important facility tests, and test results at the directioa oX teI

-= Project Engineer.

XII-2
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3.2 PRECAUTIONARY NOTES

a. All test runs shall be witnessed by the Project Engineer
or, at his option, a representative designated by him in
each specific case.

b. Pressure in excess of 5 psig SHALL NOT be applied to a
specimen at any time except during a witnessed test.

c. The specimen shall be handled and stored in a manner that
will assure that no accidental creasing of the cloth or other
damage will occur, both before and after testing.

d. Pressure and other loads for pre-test or post-test checkout,
photography, etc., shall be held to a minimum in order to
prevent fatigue damage to the specimens.

e. During tests that conceivably could lead to pneumatic rupture,
provisions shall be made to assure that no injuries will re-
sult from flying parts of the test fixture or specimen. Note
the anticipated minimum strength values in Table I.

f. The specimen shall be identified with the fabrication serial
number and test number.

g. Only the Project Engineer is authorized to make changes (in
writing) in test procedure or equipment and to determine final
disposition of test specimens following test completion.

3.3 PRESSURE PROOF AND PERMEABILITY TEST

Upon completion of the test setup as shown in Figure 1, nitrogen
pressure of 0. 5 psig shall be applied to check the Apex for leaks. The pres-
surization system shall be checked at 50 psi before testing the Apex assembly.
Only water may be used to determine any small Apex leaks. After the Apex
system has been leak checked, the pressure shall be increased in 2 psi incre-
ments to 11 psig.

Upon reaching 5.0 psig, the time required for a 1.0 psi pressure
drop from 5. 0 (to 4. 0 psig) shall be recorded. The reading shall be repeated
two additional times. Pressure shall then continue to be increased in 2 psi
increments as above,

Upon reaching 11 psig, the pressurization valve shall be closed for
30 minutes to determine the leakage of gas through the walls of the specimen.
The pressure drop shall be recorded at each 5 minute interval. Should the
pressure drop be greater than anticipated, pressure drop readings shall be re-
corded at closer intervals.

X1I-3 $



I
The leakage record shall be reviewed by the Project Engineer before

any subsequent tests are performed. The Apex shall be returned to fabrication
if leaks are significant enough to require repair before further testing. If re-
pairs are made, the above permeability and proof pressure test shall be
repeated.

3.4 PACKAGE FOLD TEST

The Apex is to be carefully folded and/or rolled in a manner approved
by the Project Engineer which will be characteristic of the manner of packaging
the full sized paraglider. Once this package configuration has been made, the
shape will be constrained and measurements of the "packaged volume" shall be
made and suitable photographic documentation will be taken.

3.5 STATIC LIMIT LOADS TEST

The Apex will be remounted on the test fixture and the procedures of
Paragraph 3. 3 shall be repeated. The static limit loads test setup is shown in
Figure 1. The internal pressure shall be maintained at 11 psig, and the external,
lateral load increased in 20%o increments to 1007 of combined limit loads. De-
flection data shall be taken at each load increment (see Table I).

Should any yielding, buckling, or damaging deformation be detected
during the test, the loading will be stopped so as not to damage the specimen
prior to subsequent tests. The external loads shall be decreased to zero,
while maintaining 11 psig internal pressure, and deflection measurements shall
be made to determine any residual set.

3.6 STATIC ULTIMATE LOADS AND ULTIMATE PRESSURE TEST

With the internal pressure maintained at II psig, the lateral loads
will be increased in 10% increments beyond 100% (up to 300% only) until visual
buckling or failure occurs. Should the specimen not rupture during the static
load to failure test, the specimen will be failed by reducing the external load
to zero and increasing the internal pressure at 10. 0 psi/minute maximum be-
yond 11 psig until specimen bursts. Photographs (including high, speed movie
film during burst test, if possible) of the failure will be taken to show the
nature of failure.I ,

Less test loading members and displacement transducers.

XII-4



Table

LOADING SEOUENE "M) STATIC LOAD L.7T ON TEST

T-rsvers-
Li ~Benelikgoa Pe:2u--e

1b. -pi

0 0 11.0
20 6

4t 136
60 204
80 272

100 340
80 ZZ
60 204
40 136
20 68

0 0

100%6 Limit Loads

Inaternal Pressure... dl.,,; psig

Lateral Load ....... 340 lbs

Respective loads at point of tangency of Apex at 100%

combined external loads:

Torsion Maynent = 2, 084 in. lb.

Bending Moment = 42, 500 in. lb.

Shear Force =340 lb. 46. 13
inches from

Anticipated minirmm ultimate load value A

Pressure .......... 2Z psig

Lateral Load........ 800 lbs

IH
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